INTRODUCTION
Reactive arthritis (ReA), also known as postinfectious arthritisis, is a spondyloarthropathic disorder characterized by inflammation of the joints and tissues occurring after gastrointestinal or genitourinary infections (1) (2) (3) . The most common enteric bacterial pathogens that have been implicated in ReA include Salmonella, Shigella, and Campylobacter (4).
There is no diagnostic test for ReA; it is based entirely on clinical characteristics and, thus, is subject to clinical opinion (5) . In addition, there are no established criteria for ReA diagnosis. Therefore, cases include a wide range of symptoms and definitions, some of which resemble other spondyloarthropathic disorders (1, 5) . A definite time period from infection to the onset of ReA has not been established which contributes to significant uncertainty and inconsistency between studies. We excluded studies that did not confirm the presence of gastrointestinal pathogens via laboratory methods, articles that did not specify the time lag between infection and the ascertainment of ReA, case reports, and review articles without original data. Articles with less than 15 subjects were also excluded. Full manuscripts were obtained for all eligible studies.
Statistical methods
We fit the data to a logistic regression model (6) to calculate a weighted mean for the incidence of ReA associated with gastroenteritis (7).
RESULTS
We identified 970 articles from Embase, PubMed, and Scopus databases that were screened for potential inclusion in the study ( Figure) . A total of thirtysix articles published between 1976 and 2010 met all inclusion criteria. These studies were conducted predominantly in Europe, with seven studies in North America (n=6) and Australia (n=1). The time to ascertainment of ReA or development of symptoms ranged from within a month to 1 year postinfection, and the sample-size for cohort studies ranged from 37 to 57,425. The results presented are based upon the pooled incidence rates only. Due to the lack of a standard definition of ReA, there was high heterogeneity between the studies (I-squared >95%); therefore, the meta-analysis model was not a good fit for the data. No case-control studies were identified; thus, it was not possible to calculate the background rate of ReA and the attributable rate of ReA due to enteric infections.
Campylobacter
We identified 25 articles for a full manuscript review. Out of these, 14 cohort studies (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) were included in the final assessment of the incidence of Campylobacter-associated reactive arthritis (Table 2) . These cohort studies accounted for a total of 63,206 patients with Campylobacter infection, of which 573 progressed to reactive arthritis. The other 11 articles were excluded after reviewing the manuscripts due to either insufficient data on laboratory confirmation methods for all subjects, mixed bacterial isolates, information on time to ReA diagnosis missing or exceeding 12 months or they did not meet the other requirements for the study (22, 23 Met study inclusion criteria calculated pooled incidence rate was 0.009 (95% CI 0.009-0.010). This is an incidence of 9 reactive arthritis cases per 1,000 cases of Campylobacter infection.
Salmonella
We identified 34 articles for a full manuscript review. Out of these, 16 cohort studies (14, 17, 18, 20, 21, (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) were included in the final assessment of the incidence of Salmonella-associated reactive arthritis (Table 3) . These cohort studies accounted for a total of 39,148 patients with Salmonella infection, of which 474 progressed to reactive arthritis cases. Excluded articles did not contain relevant information or the time to ReA diagnosis was missing or exceeding 12 months, or data on laboratory confirmation methods for all subjects were insufficient. The calculated pooled incidence rate was 0.012 (95% CI 0.011-0.013). This is an incidence of 12 reactive arthritis cases per 1,000 cases of Salmonella infection.
Shigella
We identified 15 articles for full manuscript review. Out of these, 7 cohort studies (14, 17, 18, 20, 21, 35, 36) were included in the final assessment of the incidence of Shigella-induced reactive arthritis (Table  4) . These studies accounted for a total of 4,636 patients with Shigella infection, of which 56 reactive arthritis cases were found. The seven articles were excluded due to insufficient information either on laboratory confirmation for all subjects or ReA status, or data on time to ReA diagnosis was missing. The calculated pooled incidence rate was 0.012 (95% CI 0.009-0.015). This is an incidence of 12 reactive arthritis cases per 1,000 cases of Shigella infection.
DISCUSSION
We sought to characterize the incidence of ReA among cases of Campylobacter, Salmonella, and Shigella, using well-established criteria. Among the studies analyzed, ReA incidence ranged from 0-16%, 0.1-29%, and 0-12% among Campylobacter, Salmonella and Shigella infections respectively. The weighted mean incidence was 9, 12, and 12 ReA cases per 1,000 Campylobacter, Salmonella and Shigella infections respectively.
It has been noted that gender does not play a role in enteric disease-associated ReA, and adults compared to children, are more susceptible to ReA following an enteric infection (3) . In the present analysis, although only a small number of studies (Appendix) However, in the absence of a well-designed epidemiological study or population-wide screening, it would be difficult to ascertain the exact incidence of ReA in both symptomatic and asymptomatic cases.
Pope and colleagues (41) performed a review of Campylobacter-associated ReA and found an incidence of 1-5%. However, this review did not establish any inclusion or exclusion criteria, and a distinction was made between acute and chronic ReA. The authors noted that cases of ReA varied considerably due to limitations in case assessment and diagnostics for ReA. This review suggested that young adults were more commonly affected by ReA. Genetics, specifically the presence of human leukocyte antigen (HLA)-B27, was found to have a mixed association with ReA. There is considerable discussion regarding HLA-B27 and its role in ReA (1, 42) , and it is suggested that HLA-B27-positive individuals may have an increased susceptibility to ReA (43) . However, the data on the association between HLA-B27 and ReA are conflicting with other studies finding no association (10,21).
We believe our review improves upon estimate of Pope and colleagues by imposing a timeframe for ReA case ascertainment, i.e. within a year of infection, and utilizing inclusion/exclusion criteria to increase uniformity among the estimates for the three enteric infections. These criteria assist in addressing the major limitation in estimating incidence for ReA, i.e. the lack of diagnostic criteria. Time to ascertainment of ReA was based upon the majority of studies that assessed ReA within one year post-enteric infection. Defining time to ReA can play an important role in the incidence estimates, for instance, one study that initially assessed ReA status among individuals with enteric infections found no cases within 3 months of infection. However, a re-assessment 1 year later in the same population discovered incident ReA cases (20) . This indicates a potential for the number of ReA cases to be under-estimated, especially among studies with shorter timeframes.
We did not assess the role of treatment of enteric infections on the development of ReA as the data were sparse concerning the patients who received treatment. It has, however, been suggested that incidence of ReA is lower where prompt treatment is available (44) . The data in this area are also limited and inconsistent with a randomized clinical trial (45) finding no association between antibiotic treatment and improved arthritis outcomes. presented sufficient information to examine agerelated ReA, we found a similar trend. The incidence of Campylobacter-associated ReA ranged from 8% to 16% with a median of 8% among adults compared to 0% to 6% with a median of 3% among children. Salmonella-associated ReA ranged from 1% to 24% with a median of 11% among adults compared to 0% to 12% with a median of 5% among children. Shigella-associated ReA ranged from 7% to 12% with a median of 9.5% among adults compared to 0% to 7% with a median of 3.5% among children. Although the burden of enteric infections is higher among children aged <5 years (37), we found a lower incidence of reactive arthritis in children which could be due to the lack of full differentiation of their immune systems (2, 32) . The information available on gender was insufficient to draw any conclusions.
Our incidence estimates are comparable to previous estimates (3, 18, 32, 35, 38) but may underestimate ReA cases for several reasons. ReA is considered to be a condition that may undergo spontaneous resolution. Therefore, individuals with milder cases of disease may not report it (39). In hospital-based studies, all patients are typically followed with either medical chart reviews or interviews with patients to assess the development of ReA, thereby minimizing loss to follow-up. This is in contrast to population-based studies where only a proportion of individuals with enteric infections may be assessed for ReA. For instance, such studies included in this review mailed out surveys to individuals with confirmed enteric infections to assess ReA symptoms or status, and only a proportion ranging from 31% to 90% (n=12) returned completed surveys. Incidence estimates were only based upon the sample that returned surveys which could bias our results in either direction if there was a differential response in those who developed ReA. We performed further subanalyses, which excluded any study that had less than 70% of the subjects returning surveys (n=6), and the incidence estimates changed slightly with rates of 0.009 (95% CI 0.008-0.010) for Campylobacter, 0.011 (95% CI 0.010-0.012) for Salmonella, and 0.012 (95% CI 0.009-0.016) for Shigella.
Additionally, ReA is known to be a sequela of asymptomatic enteric infections (2, 40) . In this review, the ReA incidence estimates were based upon laboratory-confirmed cases of infection and may have missed those cases of ReA with negative laboratory findings or asymptomatic presentations, thereby leading to an under-estimation of the incidence.
We present the incidence of ReA as sequelae of Campylobacter, Salmonella and Shigella infections, using worldwide data. We conducted a thorough search and used strict inclusion and exclusion criteria; yet, even with this method, we acknowledge that these estimates will have limitations until better diagnostic criteria become available. This includes stricter criteria for appropriate time intervals between infection and symptoms of ReA as well as standardized tests to detect bacterial antigens.
ReA remains an important consequence of gastrointestinal infections. These infections due to foodborne pathogens have been estimated to afflict up to 30% of the population in developed countries, with much higher attack rates in the developing world (46) . With incidence rates between 1 and 2%, ReA affects a significant number of individuals worldwide, especially in countries that have high rates of food-and water-borne infections. Although ReA can be self-limiting, resolving within 6 months, it has been estimated that up to 63% of afflicted persons will develop a chronic form of ReA (3). This not only increases morbidity, it imposes an additional socioeconomic burden on individuals and societies. This highlights the need for early diagnosis of disease, prompt and effective treatment, and prevention of enteric infections. Improved estimates on the global incidence of ReA would serve as a tool in the development of appropriate publichealth prevention programmes.
